Background--As questions have been raised about the appropriateness of direct oral anticoagulant (DOAC) dosing among outpatients with atrial fibrillation, we examined this issue in patients being managed by primary care providers.
P atients with atrial fibrillation (AF) are at increased risk of thromboembolic events including stroke, transient ischemic attack, and systemic emboli, and this risk can be mitigated by antiplatelet and oral anticoagulant medications. 1, 2 Although the mainstay of anticoagulation has been warfarin (Coumadin; Bristol-Myers Squibb) for >20 years, the direct oral anticoagulants (DOACs) have been shown to have similar, or in some cases even superior, efficacy:safety ratios in AF patients without valvular heart disease, 3 and this has led to their approval by regulatory agencies; wide adoption in Canadian, American, and European guidelines; and increasing use in clinical practice. Although the efficacy:safety ratio for DOACs depends on dosing, 2 recent studies have suggested that a substantial proportion of patients may be receiving inappropriate doses of DOACs. One in 8 patients in ORBIT-AF II (Outcomes Registry for Better Informed Treatment of Atrial Fibrillation II; which included 5738 DOAC-treated patients) were prescribed inappropriate DOAC doses. 4 Given the voluntary nature of ORBIT-AF II and the fact that 94% of patients were managed by cardiologists or electrophysiology specialists, the generalizability of their findings to a broader population is uncertain. A report 5 from Quebec, Canada, noted that 30% of AF patients discharged from a single hospital with a DOAC prescription were receiving an inappropriate dose (57% underdosed and 43% overdosed); however, this finding was based on inpatients treated by specialists at a university health center, and again, the results may not be generalizable to a broader sample of outpatients. The extent to which DOAC dosing does not conform to the doses recommended by guideline panels and espoused in product monographs (based on trial evidence) is important to evaluate because overdosing of DOACs was associated with an increase in all-cause mortality in ORBIT-AF II and underdosing was associated with higher rates of cardiovascular hospitalizations. 4 We studied DOAC prescribing patterns in Canada among patients managed in the outpatient setting by primary care providers and explored whether patient or provider factors were associated with the prescribed dose.
Methods
The data, analytic methods, and study materials cannot be made available to other researchers for purposes of reproducing the results or replicating the procedure, given privacy constraints (each of the 744 physicians participating in the Canadian Primary Care Sentinel Surveillance Network [CPCSSN] is the legal custodian of his or her practice's data, and there is no approval for broader sharing of the data at this time). The CPCSSN received approval from the research ethics board of each host university and from the Health Canada research ethics board with a waiver of informed consent for patients, since only deidentified data were transmitted. Written consent for the collection and analysis of this anonymous electronic medical record (EMR) data was obtained from all participating CPSCCN primary care providers. Using data from CPCSSN, a national collaboration of primary care physicians from 7 provinces and 1 territory in Canada who permit their EMRs to be collated for analysis, we identified all patients with a first prescription for a DOAC at any point in 2010-2015 (DOACs were first approved for use in Canada in 2010). We restricted our retrospective cohort new-user study to any patient with a diagnosis of nonvalvular AF-that is, those patients with an International Classification of Diseases, Ninth Revision (ICD-9) coded diagnosis of AF (427.3, 427.31, 427.32) in the billing or health conditions tables (which are completed by attending physicians or nurse practitioners at each visit) for that patient and no ICD-9 codes or text in the problem list or individual visit diagnoses noting valvular heart disease or mechanical valves (ie, ICD-9 codes 394.x, 395.x, 396.x, 424.0, or V43.3).
To evaluate whether DOAC dosing was appropriate, we used the estimated glomerular filtration rate (eGFR), age, and weight recorded in the patient's EMR closest in time to the initial DOAC prescription. We estimated the GFR using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula, as follows:
Age where S cr is serum creatinine (mg/dL), k is 0.7 for women and 0.9 for men, a is À0.329 for women and À0.411 for men, min indicates the minimum of S Cr /k or 1, max indicates the maximum of S Cr /k or 1, and age is in years. For patients who were prescribed different DOAC doses over time, only the first prescription was used for the purposes of this analysis, with the creatinine/eGFR and weight recorded closest to the prescription (usually before or, at most, within 1 week after the prescription) used to define appropriateness of dose. Each patient was included only once in the analysis. Using previously standardized and validated case definitions, we also extracted patient-level comorbidity data from the CPCSSN EMR indicating the presence of chronic obstructive pulmonary disease, depression, diabetes mellitus, hypertension, osteoarthritis, epilepsy, dementia, and Parkinson disease (hereafter called CPCSSN comorbidities). 6 We also included data from the health conditions and billing tables in each patient's EMR to assess the presence of other diagnoses of interest (ie, cerebrovascular disease, peripheral arterial disease, heart failure, coronary artery disease, chronic
Clinical Perspective
What Is New?
• Although concerns have been raised about the appropriateness of direct oral anticoagulant dosing among outpatients with atrial fibrillation, examination of the electronic health records of 744 Canadian primary care clinicians revealed that only 496 (7%) of 6658 direct oral anticoagulant prescriptions were for lower-than-recommended doses, and 31 (0.5%) were for a higher-than-recommended dose, given the patient's age, weight, and renal function.
• Patients prescribed lower-than-recommended doses had more comorbidities and were more likely to be taking other medications that predispose to bleeding.
What Are the Clinical Implications?
• The vast majority of direct oral anticoagulant prescriptions in our cohort of primary care-managed patients were for recommended doses.
• The appropriateness of direct oral anticoagulant prescribing may be even higher because the vast majority of prescriptions for non-guideline-recommended doses were for lower doses in our cohort and in frail or multimorbid patients or for those taking other medications that predispose to bleeding those doses may well represent appropriate caution on the part of prescribers.
• Primary care management of patients with nonvalvular atrial fibrillation is a viable means to achieve high-quality anticoagulation care.
kidney disease) and classified these as non-CPCSSN comorbidities. We also calculated the CHADS 2 and CHADS-VASc scores for each patient at the time of initial DOAC prescription using diagnoses and billing codes entered in each patient's EMR by his or her primary care physician up until the date of the prescription. We used the guideline-recommended and trial-tested doses to define appropriate dosing for each DOAC, as follows:
1. Rivaroxaban: 20 mg daily or 15 mg daily if eGFR was <50 mL/min. 2. Apixaban: 5 mg BID or 2.5 mg BID if ≥2 of 3 were present:
age ≥80 years, weight ≤60 kg, or serum creatinine >133 lmol/L (or on dialysis). 3. Dabigatran: 150 mg BID or 110 mg BID if >80 years or 75 mg BID if eGFR was 15 to 30 mL/min.
Our primary outcome of interest was the proportion of patients with a potentially inappropriate DOAC prescription, defined as either underdosing (low-dose DOAC prescribed despite patient not being in a subgroup for which the lower dose is recommended) or overdosing (higher dose prescribed despite patient being in a subgroup that should receive a low dose). We compared baseline characteristics using chi-square tests for dichotomous variables and Student t tests for continuous variables and performed multivariate analysis using logistic regression with potentially inappropriate DOAC prescription as the outcome of interest and including baseline variables. We dichotomized practice size by the median for participating practices (1734 patients). SAS version 9.4 (SAS Institute) was used for analyses.
Results
Our study included 6658 patients with a DOAC prescription. Median age was 75 years: 56% of patients prescribed a DOAC were aged ≥75 years, 26% were 65 to 74 years old, and 20% were <65 years. Rivaroxaban was the most frequently used DOAC (57%), followed by dabigatran (34%) and apixaban (17%). One-third of patients had a diagnosis of diabetes mellitus, one-sixth had heart failure, and more than two-thirds had hypertension (Table 1) . We were able to find eGFR, age, and weight data for all patients.
DOACs were potentially inappropriately dosed in 7.7% of patients (n=527), most of whom 496 (7.2%) were underdosed. Only 31 (0.5%) were prescribed too high a dose for their age (18 were ≥80 years), weight (1 weighed <60 kg), or eGFR (12 had renal function below the threshold to trigger dose adjustment: <50 mL/min for rivaroxaban, <30 mL/min for dabigatran or apixaban). Of the 496 patients prescribed a lower-than-recommended dose, 64% (318 patients) were aged ≥75 years (ie, within 5 years of the age cut point for apixaban or dabigatran), 20% (99 patients, 49 of whom were aged ≥75 years) weighed <65 kg (within 5 kg of the apixaban weight threshold), and 58 (12%) had eGFR within 10 mL/min of the renal function cut points. Although most patients prescribed DOACs were at increased risk of stroke, 626 (9.4%) had a CHADS 2 score of 0 and 168 (2.5%) had a CHADSVASc score of 0 (risk profiles for which all guidelines currently recommend antiplatelet therapy alone; Figure. Nearly half of patients prescribed a DOAC also had a prescription for an antiplatelet agent or nonsteroidal anti-inflammatory drug (Table 1) , and 956 patients (13.9%) were on triple therapy (DOAC and dual antiplatelet therapy). Of the 1391 patients prescribed a DOAC and an antiplatelet agent, 718 (51.6%) had coronary artery or cerebrovascular disease.
Patients were more likely to be prescribed lower-thanrecommended initial doses of a DOAC if they were female (adjusted odds ratio [ 
Discussion
This study is the first to look at DOAC prescribing in a large, nationally representative 7 sample of primary care providers, and the key finding is that >92% of the DOAC prescriptions in our cohort were for appropriate doses. At first blush, this appears to be slightly better than the 87.5% reported from ORBIT-AF II. 4 However, the appropriateness of prescribing may be even higher because the vast majority of prescriptions for non-guideline-recommended doses were for lower doses in our cohort, and in frail or multimorbid patients or those taking other medications that predispose to bleeding, those doses may well represent appropriate caution on the part of prescribers. Consequently, the actual rate of potentially inappropriate DOAC dosing may be substantially lower in our results than in ORBIT-AF II: Only 0.5% in our cohort were prescribed a higher-than-recommended dose compared with 7.3% of primary care-treated patients in ORBIT-AF II (albeit those results were based on only 316 patients). 4 We acknowledge that whether these dose choices represent appropriate care is uncertain in the absence of outcome data for our cohort; however, ORBIT-AF II already established that higher-than-recommended dosing of DOACs is associated with an increase in all-cause mortality and underdosing is associated with higher rates of cardiovascular hospitalizations.
Although we found that primary care providers practicing in rural areas or within smaller practices were more likely to prescribe a potentially inappropriate DOAC dose, this is not a consistent finding in the literature. Prior investigations looking at prescribing practices have, in contrast, found either higher rates of inappropriate prescribing in urban practices or no difference after adjustment for baseline differences in patient characteristics. 8 Conceivably, the provider mindset that leads to DOAC underdosing may differ from that leading to inappropriate prescribing of other medications, since it might Canadian Primary Care Sentinel Surveillance Network case definitions were used for hypertension, diabetes mellitus, and dementia. 6 Non-ASA antiplatelet agents include clopidogrel, ticlopidine, dipyridamole, and ticagrelor. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASA, acetylsalicylic acid; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration rates; IQR, interquartile range; NSAID, nonsteroidal anti-inflammatory drug.
derive from a more cautious and patient-centered approach to prescribing in older multimorbid patients. Two caveats are worth noting with our cohort. First, we chose to exclude AF patients with any valvular heart disease documented by their attending physician. We acknowledge that the definition of valvular disease in the setting of AF has evolved over time, and new guidelines restrict valvular AF to that associated with prosthetic mechanical valves or hemodynamically significant mitral stenosis (meaning that some patients whom we classified as having valvular heart disease would in fact meet newer definitions of nonvalvular AF). 9 However, we used a broader definition in this study because the severity of valvular disease was not well documented in the EMRs, and we were collecting data from as far back as 2010, when older definitions of valvular AF were in place. Moreover, in light of emerging evidence that patients with nonprosthetic valvular AF may still derive benefits from these agents, 10 we felt that DOACs may not necessarily be inappropriate in these cases. The second caveat with our findings is that we did not classify a DOAC prescription for the 9% of patients with CHADS scores of 0 as inappropriate, although some guidelines would, 11,12 because we did not know if those patients had cardioversions planned, and we were not privy to the discussions between clinicians and patients about their values and preferences with respect to stroke prevention versus bleeding risk.
The strength of this large repository is that although CPCSSN, like ORBIT-AF II, is a voluntary registry, all participants are primary care physicians (whereas 94% of physicians in ORBIT-AF II were specialists). CPCSSN practices provide a reasonably representative sample of the Canadian population; although CPCSSN has an overrepresentation of elderly individuals, this is beneficial for this study, given that nonvalvular AF is more common in elderly individuals. However, CPCSSN-participating physicians tend to be younger than the Canadian average, and a higher proportion (19% versus 8%) are in academic practice. 7 A second potential limitation is that EMR data quality in Canada is not consistent, and we found substantial variation across participating practices in terms of laboratory and clinical data available for analysis. Although the ICD-9-based AF case definition we used has been evaluated in multiple studies and has specificity of nearly 99%, 13 variables such as number of units of alcohol consumed per week are poorly documented in EMRs such that we were unable to calculate bleeding risk scores such as the HAS-BLED score. Third, we have already acknowledged that all factors influencing decisions about DOAC dosing (including patient preferences and values and plans for imminent cardioversions) may not have been captured in the medical records of the primary care physicians participating in the CPCSSN. Fourth, we only examined the dosing at the time the DOAC was initially prescribed and did not take into account changes in eGFR, age, or weight over time or use of intercurrent medications (eg, antibiotics) or development of intercurrent conditions (eg, bleeding) which may influence prescribed doses. However, it seems unlikely that primary care physicians with an ongoing office-based relationship with a patient would first prescribe a chronic medication such as a DOAC at the time of an intercurrent illness; we believe they would instead defer initiating that medication until the patient was stable (CPCSSN collects data from outpatient office visits only, not emergency room or hospital encounters). Fifth, we used eGFR based on the CKD-EPI equation to define renal function, although the trials used the Cockcroft-Gault estimates of creatinine clearance. However, the eGFR is now recommended in the Kidney Disease: Improving Global Outcomes guidelines and included in current product monographs and closely mirrors the Cockcroft-Gault estimates except in those patients with more advanced degrees of renal dysfunction. 14, 15 In conclusion, we found that the vast majority of DOAC prescriptions in our cohort of primary care-managed patients were for recommended doses. It is tempting to attribute the higher rate of appropriate DOAC dosing among CPCSSN primary care physicians to greater continuity of care than seen in the predominantly specialty care practices participating in ORBIT-AF II (several studies have demonstrated associations between physician continuity and better outcomes for patients with other chronic conditions) 16-18 ; however, this hypothesis cannot be tested in registry-based studies. Future research needs to explore prescribing practices and outcomes for patients managed by a wide variety of providers and across a range of continuity models to determine the system most likely to optimize health outcomes (effectiveness, safety, and cost-efficiency) for patients with nonvalvular AF. Canadian Primary Care Sentinel Surveillance Network (CPCSSN). Ezekowitz was on the steering committee for the ARISTOTLE (Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation) trial, supported by Bristol-Myers Squibb/Pfizer. The interpretation and conclusions are those of the researchers and do not represent the views of the CPCSSN. The funders had no role in the design or analysis of this study, nor in the drafting or approval of this article. Singer and Kosowan have access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. 
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